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(4) Alpha-numeric character display.

@ An alpha-numeric character generator arrangement hav-
ing as a character store a “read-only” memory in which
characters are stored in a character format composed of a
co-ordinate matrix {e.g. a 7 x 5 dot matrix) of discrete chafac-
ter elements. One aspect of the invention resides in storing
the descender letters g, f, p, g and y such that those elements
forming the “tail” of the descender letter are stored in charac-
ter element rows which in a given row addressing sequence
for the store precede the character element rows in which the
remaining elements for the descender letter are stored.
Another aspect of the invention resides in addressing the
character element rows of the character store in a partially
cyclic manner such that descender letters are read-out for
display in a “lowered”, correctly aligned, position in a row of
displayed characters.
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ALPHA-NUMERIC CHARACTER DISPLAY

This invention relates to alpha-numeric character display by
electrical means {(e.g. on the screen of a television monitor or
using an electrically-operated printer devicel, and more especially
to character generator arrangements for controlling the display of
characters in a character display system.

It is known to use in such a character generator arrangement
a "read-only" memory device, which serves as a character store in
which characters are stored in a manner representing a character
format composed of a co-urdinate matrix of discrete character
elements, and which is responsive to character input data
representing alpha-rumeric characters to produce character generating
data which can be used for the display of the alpha-numeric
characters.

Such a character generator arrangement may therefore be of
a kind comprising, in addition to the character store, input
addressing means for addressing the character store with character
input data for a character selected for display, row selection
means for producing row addresses for selecting for a read-out
operation from the character store those character elements in a
particular character element row of the character matrix, data
output means for producing in said read-out operation the character
generating data for the character elements in the selected
character element row of the selected character, and logic control

means for so controlling the input addressing means and the row
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selection means as to cause, for a plurality of characters to be

displayed asra-row of characters, the selectionrinrturn of the

‘character elements in a first character element row of each of said

plurélity'Of characters, then the selection in turn of the character
elements in a second character element rbw thereof, and so on for
their remaining character element rows, so that said pluralitY'of
characters are built-up element row~byéelement row,:as a whole,

for display. ' h '

In order to limit the size of a "read-only" memory device

which serves as a character store, it is known to provide for a

particular character format a co—ordinaté character matrix of n
character element rows which is just large enough to accommodate

each of the upper case letters of the alphabet. The same size of .

~ character matrix can alsoc accommodate eéch of the corresponding

lower case letters. However, the lower case letters g, i, Py 9>

and y, which are known as descender letters because they‘have "tails"

which should descend below the bottom of a’diSplayed character row
in which they occur, can only be accommodated in their respective
character matrix if they are, in effect,'étored in a “raised" '

position in the matrix, since otherwise their "tails" would lie
outside the métrix’and thus would not be accommOdatedrfherein. As

a conseguence, a cha;actér generator arrahgement of the above kind

having such a character store requires'additionél circuitry in its

logic control means for the read-out of'these descender lgﬁters in

order to "lower" a descender letfer, as displayed, into,its,corréct'

~ position in a ¢haracter row. Without suchradditional'éircuitry'a

displayed descender letter would be out of alignment in the.

) character TOWe

It is known for the additional circuitry to include an adder
circuit to which the row addresses from the row selection means are
applied and wrich is made operable by detectér means when said
character input data répresents a descender létter to add to eaéh
successive row address applied to it a number appropriate for
changing the row address to delay the_read—out operation in respect
of the descender ietter,by a ﬁumber of,charactéf element rows ' |

corresﬁonding to said number, whereby the descender letter as
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displayed 1s lowered in position by such number of character
element rows so as to be in correct alignment in a displayed
character row.

The lowering of the descender letters in this way requires
the row selection means to provide a number of additional row
addresses, and the character generator arrangement further includes
enabling means responsive to saild detector means for enabling said
data output means to produce character generating data for a first
n successive row addresses for normal read-out operation and for a
second different, n successive row addresses for descender letter
read-out operation. Mullard Technical Note 7 (TP1404), October,
1974, describes a character generator arréngement in which the
character store is a ROM (Read Only Memory) for which, essentially,
the ASCIT code is used for the read out of characters stored on a
7 x 5 dot matrix basis, and in which arrangement an adder circuit
is used, as aforesaid, to effect inter alia the correct alignment
of descehder letters in a row of characters.

However, this additional circuitry which is required for the
correct alignment of the descender letters has the disadvantage
that because the adder circuit has to operate at the read out rate
for the character generating data, which will usually be a fast
rate, of for example 1MHz, this adder circuit will be complex in
implementation. '

It is an object of the present invention to avoid this
disadvanﬁage.

According to one aspect of the invention there is provided a
character store in wﬁich characters are stored inamanner
representing a character format composed of a co-ordinate matrix
of discrete character elements, and which is responsive to
character input data representing alpha-mumeric characters to
produce character generating data which can be used for the display
of the. alpha-numeric characters, characterized in that the co-
ordinate matrix for each descender letter has the character elements
for the descender letter so arranged that those elements forming
the "tail" of the descender letter are stored in character element

rows which in a given character element row addressing sequence for



10

15

20

.25

30

35

0015023

31.1.73 -4 PHB 32644
the store in respect of characters other than descender letters,
precede the character element rows in which the remalning elements
for the descender letter are stored. ) 7
-According to another aspect of the mventn.on, a character
generator arrangement of the kind referred to, mcludlng “detector
means for detecting when received character input data pertains to
a descender letter, together with enabling means reSponsiVe to the
detector means for enabling said data output means to produce -
character generatiﬁg data for a particular n successive row
addresses as produced by the row selection means and pertai"ning' to a

normal -character or to a descender letter, as the case rg:ay,;b'e, n b'eing,'

the number of c:haracter element rows of the character format; is

characterised in that the character store of the arrangement is as
set forth in the preceding paragraph ~and the row selection means

is controlled by the 1og1c control means so as in a read-—out

. operatlon to repesat at least part of its addressing sequence such

that at least these row addresses pertalning to character element

rows vhich contain the elements forming the “taile" of,descender

) letters. occur twice.

With such a character genefator arrangement the correct
alignment of descender letters in a row of displayed characters is
achieved in the reed-out operation withoﬁt the ﬁse of an addei'
circuit as is required in the known arrangement mentioned above.,

In order that the invention may be more fully ri.m'derstb'od
reference will now be made by way of example to the accompanymg
drawmgs, of which: -

Figures 1 to 6 shows some character shapes using a 7 x5
character element format' '

Figure 7 shows, diagrammatically, a known ehraracte'rr generator
arrangement; ' o o

Figure 8 shows, dlagramatlcally, a character generator o
arrangement according to the inventions; and ,

Flgure 9 shows, diagramnatlcally, a dlsplay system embodylng '
the character generator arrangement of Figure 8.

Referring to the drawings, Figure 1 shows by way of
illustration the character shapee for the five le’tteis By by, D

and d, using a 7 x 5 character element format coxﬁprised by a
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character matrix of 7 rows R1 to R7 and 5 columns C1 to C5 of
discrete character elements. Figure 2 shows the character shapes
for the five lower case descender letters g, j, p, g and y, using
the same character format. As can be seen from Figure 3, as
exemplified by the two descender letters y and p in the word “typed',
the descender letters are, in effect, in a "raised" position in
their respective character matrix as compared with the position of
non-descender letters. However, in displaying the word "typed",
the descender letters y and p would have to be "lowered” relative
to the other letters in the word so that their "tails" lie below
the line of the word; that is, when the word "typed" is displayed,
the "talls" of the descender letters y and p lie in additional
character element rows R8 and R9, as shown in Figure 4.

A known character generator arrangement for reading out such
characters for display and including means for determining the
correct alignment of descender letters relative to non-descender
letters in a row of displayed characters, is shown in Figure 7.

This known character generator arrangement comprises a character
store 1 in the form of a "read-only” memory device in which the
characters for display are stored. The character store 1 is

arranged to be addressed with character input data for a character
selected for display from an input addressing circuit 2. This
addressing is effected in parallel over 7 addressing leads bl to b7
using binary coding. The input addressing circuit 2 serves as a '
serial-to-paraliel converter for producing in parallel as character
input data, 7-bit groups of input signals applied to it over an

input lead IL. Thus, 128 different characters can be stored in the
character store 1 and identified by a unique 7-bit binary code on

the addressing leads bl to b7. Conveniently, as aforesaid, ASCII
coding can be used. The arrangement also comprises a row selection
circuit 3 for producing row addresses for selecting in turn the
character element rows of the character matrix. In order to cater
for the display of descender letters, in a manner to be described,
the row addresses are applied to the character store 1 over row
addressing leads arl to ar3, via an adder circuit 4. Binary coding

is alsc used for the row addresses.

In response to the application thereto of a particular character
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code and a parficular row address code, the character Store 1

produces on a group of 5 output leads oll to 015 a combination of

output signals (e.g. a combination of '1's and '0's) correspondingr

to the combination of character- elements in the selected character
element row of the selected character. Thus, if row R3 of the

lower case 1etter.g (see Figure 3) is selected, the output signal

~ combination would be, say, 01110. The output signals on the leads5
oll to ol5 are applied through a group of AND-gates G1 to G5 to
an output buffer stage 5. This output buffer stage 5 serves as a h

parallel—to—serlal converter for producing in serles as character :

generating data on an output lead OL the groups of 5 ‘parallel
output signals from the character store 1.
The row selectlon circuit 3 is su1tably a counter whlch is

driven by clock pulses ck. In a practlcal embodlment of the

-arrangement, the clock pulse period may be 64 us, with.a new

f

_character code being applied to the character store 1-every 1'uS.

/

In order to cater for descenaer letters, the rowrselect10n7c1rcu1t

3 provides a number of row:addressesradditionalrtofthe nuhber (7)

of character element rows of the character matrix. In the present

instance, it is assumed that the row selection circuit 3 provides

a recurrent cycle of S row addresses which are produced as respectiﬁe

binary codes on four leads ril to r4. These row addrees codes are

applied to the -adder circuit 4 and also to a gate enabling cirouitir

6 which has a "gate enable" output lead GL coﬁnected in common to - .

oﬁe‘input of each of the AND-gates G1 to G5.° The arrangement :

further comprises a detector circuit 7 which detects when a. character
code on the leads bl to b7 pertalns to a descender letter to produce
a control signal on an output lead CS. This control signal-is ;
'applled to both the adder circuit 4 and the gate enabllng'circult 6.

' When a character code pertalning to a non-descender letter

is applied from the input addre551ng circuit 2 to the ;haraoter

store 1, there is no control signal on the oﬁtpurrlead CS;'so

that the adder circuit 4 remains unresponsive in that it adds a :
naughr to each row address code applied to it. Thus, the first 7"
row address codes of a cycle on the leads rl to r3 (r4 is not

- needed) are passed unmodified onto the leadsvgrg tosggﬁrtorselect 
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in turn the 7 character element rows of the character matrix.
Because of the absence of the control signal oh the output lead
CS, the gate enabling circuit (which itself is suitably composed
of gate 1ogic) produces the ‘'gate enable" signal on the output
lead GL for the occurrence of each of the first 7 row address
codes. As a result, the gates G1 to G5 pass to the output buffer
stage 5 the output signal combinations from the character store 1
for the first 7 row address codes of a cycle from the row selection
circuit 3.

When a character code pertaining to a descender letter is
applied from the input addressing circuit 2 to the character
store 1, this character code is detected by the detector circuit 7
which thusrproduces the control signal on the output lead CS. The
effect of this control signal as applied to the gate enabling
circuit 6 is to cause the latter to produce the 'gate enable" signal
on the output lead GL for the occurrence of each of the last 7 row
address codes in the cycle produced by the row selection circuit 3.
The effect of the control signal as applied to the adder circuit 4
is to cause the latter to add minus two (~2) to each row address
code applied to it. Thus, the last 7 row address codes of a cycle
on the leads rl to r4 are changed by the adder circuit 4 to become
the first 7 row address codes on the leads arl to ar3. The effect
of this can be seen from Figure 4. If the character element rows
R1 to R9 correspond to display lines T1 to T9 for a row of displayed
characters, then for a non-descender letter such as T, the
character element rows R1 to R7 are addressed during the occurrence
of their own row address codes to display the letter T in the
display lines T1 to T7. However, for a descender letter such as y,
the character element rows R1 to R7 are addressed during the
occurrence of the address codes R3 to RS, respectively, to display
the letter y in the display lines T3 to T9; that is, the display
of the descender letter is delayed by two row address periods to
bring it into correct alignment in the character roﬁ.

The known arrangement just described has the disadvantage,
mentioned previously, that the adder circuit 4 has td operate at

the character input data rate {e.g. at 1MHz as aforesaid), which
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requires the adder circuit to be complex in implementatiec;:'The

character generator arrangementraccording'tc,the inventica'shown

in Figure 8 avoids this disadvantage by dispensing with with adder

circuit. ' N ) ' IR
Referring to Figure,B,rin the arrangement there sﬁqwc; elementsr'

which correspond to elementsrin the  arrangement of Figdrefsihave

been giﬁen the same reference letters and.numerals.,?Sinceﬂin ,

Figure 8 the adder circuit has been dispensedrﬁith, tﬁesoﬁtpctileads

rl to r3 from the row selection circuit 3 are connectedldirectly

. to the character store 1. In accordance with one asaectfoffthe

invention, in the character store 1 the character matrix fOr,each

descender letter has the character elenents for the ! descender 1etter '
so arranged, as shown in. Flgure 5, that those elements formlng the
"tail" of the descender letter are stored in character element rows
R1 and R2 above (or before in the addre551ng sequence) the

character eiement rows R3 to R7 ln which the remalnlng elements for

‘the descender letter are stored. In accordance with the second

aspect of the invention, in the arrangement of FigureVStthe,rbw S
selection circuit 3 prcvides on the leads rl1 to £§1at least some of
the 7 rew address codes twice in a read§out.operation, apd'it‘also |
provides on the lead r4 an indication to the gate eﬁablihg circuit

6 as to whether in a read-out operation it is the first or the"
seccnd occurrence of a row address codee. Coaveniently, this can be
achieved using a convehtional 4-bit binary code for the row |
address codes. A '0! or"l' bit on the lead x4 signifias to the
gate enabling circuit 6 whether the remaining eight 3-bit codes

on the leads rl to r3 are occurring for the first or- for the second
time. Since there are only ‘seven character element rowsrln the
character format, one of the eight 3-bit codes on the leads r1 to
r3 needs to be "slipped" (e.g. by switchable gating in the row
selection circuit 3 in order to provide a recurrent cycle of oniy

7 row address codes. Alternatlvely, the character format: 1n the
character store can.lnclude a sPare row as illustrated in Flgure 6.
for the letters A and g in order to achieve a natural 3—bit blnary
count of eight. The position of the spare row 1n the character

format depends on the character, being at the top or bottom for a

PSSR E——
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non—descender letter and at an intermediate position for descender
letters. More than one spare row may be provided, the only
requirement being that for both descender letters and non-descender
ietters there is a continuous sequence of 7 character element rows
which can be addressed by seven successive row address codes of a
cyclic count in which at least some of the row address codes occur
twice.

Consider now the operation of the arrangement of Figure 8, for

a non-descender letter, the gate enabling circuit 6 responds to
th

®

'0' on lead r4 to enable the gates G1 to G5 for the first 7
row address codes produced on the leads rl to r3 in a first cycle.

For a descender letter, the circuit 6 responds to the '1' on lead

r4, due to the presence of the control signal on the lead CS, to

enable the gates G1 to G5 for the last 5 row address codes produced
on the leads ril to r3 in the first cycle and the first 2 row
address codes produced in the second cycle. This provides for the
"lowering™ of the descender letters into their correct alignment in
a row of characters, without the need of an adder circuit.

Where the row selection circuit provides a natural binary
count of eight 3-bit row address codes, the character element
rows, including the space row, of the character format as shown
in Pigure 6 may be identified with row address codes in accordance

with the following Table.

TABLE
Row Address Code
ist cycle 2nd cycle
x4 r3 r2 ri rd r3 r2 ri
RO 0 0 0 O 10 0 0O
R1 0 0 0 1 1 0 0 1
R2 0 0 1 0 10 1 0
R3 0 0 1 1
R4 c 1 0 0O
RS 0 1 0 1
R6 0 1 1 0
R7 0 1 1 1
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Thus, for a non-descender letter the spare row is RO and has
the unused code 0 000, whereas for a descender letter the spare -
row is R2 and has the unused code 0 010. ' B

Referring now to Figure 9 of the drawings; which shoWs. |
dlagrammatlcally a display system in the form of a television
receiver arrangement which em.bodles the invention and wh:.ch is for
displaying selectively either a television picture which is produced
from picture information in a normal broadcast or :céble*téievisitm
video signal, or alpha-numeric text or other méssag5 infomation
which is produced from coded data pulses which are ‘transmitted in
the video signal in vertical or field-blanking ::_ntervals thereof.‘

. An incoma_ng television video signal VS appears at an :mput
lead 1 of the television receiver arrangement v:La :Lts front end 2

which comprises the usual anpllfymg, tuning, i.f. and detector

~circuits. The front end 2 is assumed to be adapted to recelve the

video signal VS from a television transmitter 3 via a conventional.
over—air broadcast or cable transmss:.on link 4.

Fer normal picture display in the telens:pn receiver

'arrangement the rece:Lved video signal is applied to a selector

circuit 5 which included a selector ‘switch 6. When the switch 6-
is closéd, the video signal VS is 'applied to a c,oloﬁr ﬁécodeﬁ 7 7—,
which produces the R, G and B component s'ignal'sr for t};e pig:ﬁn:e
display, these componént signals being applied via a video interface
circuit 8 to the red, greén and blue guns of a c;jlouxf jfelevision
picture tube 9. Scanning circuits 10 for the tube 9 receive the
usual line and Field synchronising pulses LS and FS from: a synch.

'separator circuit 11 which extracts thnse synchronlsmg pulses from

the incoming video signal VS. , ,

Coded data pulses representmg message mfomatlon in the
video signal VS do not affect the pz.cture dn.splay because they occur
in one or more lines in the fleld—blarﬂ;mg interval when there is
no picture display. Of the lines nccurring in the field-blanking
interval, most could be used to transmit coded data pulses '

representing message 1nformat1c>n. However, in the,VBBC/IBA Teletext

. System at present, only lines 17/18 of even fields and lines 330/331

of odd fields of the 625 line broadcast television system are used
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in the United Kingdom. (See "Broadcast Teletext Specification",
September 1976, published jointly by the British Broadcasting
Corporation, Independent Broadcasting Authority and British Radio
Equipment Manufacturers' Association).

The video signal VS on the input lead 1 is also applied to a
data acquisition circuit 12 which includes a data clock pulse
generator (not shown) for deriving a data clock pulse train from
the coded data pulses representing the message information,

It is assumed that the message information represented by the
coded data pulses contained in the video signal VS is divided into
different pages of information, and that each page is for display
as a whole on the screen of the picture tube 9, with the coded data
pulses representing each page of information being repeated
periodically in a recurrent cycle with or without updating of the
information. It is further assumed that each page of message
information is identified by means of a unique page address code
which is included in the coded data pulses and defines the page
number. The television receiver arrangement includes a code selector
circuit 13 which controls the particular coded data pulses that are
acquired by the data acquisition circuit 12 at any time. (This
control is indicated by broad-arrow connection n representing the
presence of a group of n parallel channels which form an n-bit
channel link for carrying n bits of information required for data
selection - other groups of parallel channels forming multi-bit
channel links in the television recelver arrangement are represented
similarly as m, o, and g numbers of channels and bits).

The acquired coded data pulses are clocked serially into the
data acquisition circuit 12 by the data clock pulse train produced
in the latter. From the data acquisition circuit 12, the acquired
coded data pulses are fed in parallel groups of m bits to a parity
bit error detector circuit 14 over an m-bit channel link, an m bit
byte being required for each character (or other item of information)
contained in the message information. It is assumed that m = 8,
so that a character byte comprises a character code consisting of
7 bits plus a single parity bit, and that the circuit 14 functions
to check for odd parity in each character byte and to pass the
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character code for storage only if the odd parity is deﬁected.

The 7—b1t character codes which satlsfy the odd parlty check
are fed from the detector circuit 14 in parallel over an O—blt
channel link (o = 7) to a data store 15. The data store 15 can
store a complete page of message information. In a typical Teletext
transmission, each page of message information WDuid contain up to
24 rows of characters, wi with each row contalnlng up to 40 characters.
Thus, 1n order to 1dent1fy the different characters of a page, it
is furthermore assumed that the coded data pulses also 1nc1ude an
address code for each character, this address code employing g bits
and being fed to the data store 15 over a g-bit channel 1link to
control the storage therein of the character codes.

In view of the restricted transmission time which is available

for transmitting the coded data pulses representing,méssage

informatioﬁ, for instance, sufficient time to trangmit'the-codéd
data pulses for only one character row dufing a television line in
the field-blanking inter#al, character daﬁa for a page of'message
information has to be stored row—by—row in the data store 15 over
a relatively large number of television Ilelds, ‘This storlng of
character data row-by-row in the data store;15 is under the
control of the address codes received from the data achisition
circuit 12 over the g-bit channel link. '7

The television receiver arrangementrihcludesia.Charactér
generator arrangement 16 embodying the présent invention. fhis
arrangement 16 is responsive to the character data stored in the
data store 15 to producé character genefating data which can be
used to derive what is effectively a new plcture signal for
displaying the characters represented by the stored character data.

In order to effect character display on the screen of the
picture tube 9 using standard line and frame scans, the ;6gic of
the television receiver arrangement in respect of character display
ié so organised that for each row of charactérs to be’diSplayed, all

the characters of the row are built up television line—byételévision

line as a whole, and the rows of characters are bullt up in succession.

"It takes a number of television ‘lines to build up one row: of

characters. In the first television line of each field, character
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data from the data store 15 to the character generator arrangement
16 would cause the latter to produce character generating data
in respect of the firét row of discrete elements for the first
character of the row, then in respect of the first row of discrete
elements for the second character, and so on for the successive

characters of the row. In the second television line, character

“generating data in respect of the second row of discrete elements

for each character of the row would be produced in turn, and so on
for the remaining television lines concerned.

The logic of the television recelver arrangement is organised
by means of a clock pulse and timing pulse chain circuit 17 which
provides appropriate clock and timing pulses to the data store 15,
to the character generator arrangement 16, to the data acquisition
circuit 12 and to the parity bit error detector circuit 14. The
circuit 17 is synchronised in operation with the scamning circuits
10 of the picture tube 9 by the line and field synchronising pulses
1S and F5 extracted from the incoming video signal VS by the sync.

separator circuit 11.

The output from the character generator arrangement 16 is
applied to a colour coder 18 which produces Ri, G"1 and B‘1 component
signals for character display, these component signals being also
applied to the video interface circuits 8. The colour coder 18 can
be controlled {in a manner not shown) by selected items of the
character data in the data store 15 to provide a controlled colour
character display. Of course, black-and-white picture and character
display is also possible, in which event the colour decoder 7 and
colour coder 192 would be omitted. 7

The invention is, of course, also applicable to other display
systems, such as television monitors for computer read-out

terminals.

Also, the character generatcr arrangement 16 can be arranged
to receive the bits of a character code directly in parallel from
the data store 15, in which case the input addressing circuit (2)
of the arrangement would not need to perform éﬁy serial-to-parallel

conversion and could be implemented by a simple buffer stage.
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CLAIMS:

1. A character store in which characters are stored in a manner

representing a character format cbmposed of a ;o—ordinate mat:ixrof'

discrete character elements, and which is reSponsive to eharacter
1nput data representing alpha—numerlc characters to produce '
character generating data which can be used for the dlsplay of the
alpha-numeric characters, characterlsed in that the co-ordinate
matrix for each descender letter has the character elements for
the descender letter so arranged that those elements forming the,
"tail" of the descender letter are stored in character element rows
which in a given character element row addressing sequence for the
store in respect of characters other than descender letters,
precede the character element rows in which the rema;nlngrelements
for the descender letter are stored. - - ' '

2. - A character store as claimed in Claim 1, characterlsed 1n
that it is in the form of a 'read-only" memory dev1ce.

3. A character store as claimed in Claim 1 or Claim 2, characterised
in that the character format isa 7 x 5 dot matrixe.

4. A character store as claimed in Claim 1, Claim 2 or Claim 3,
embodiedrin a character generator zrrangement which combrises, in
addition to the cheracter store, input addressing means for
addressing the character stére with'character input data for a

character selected for dispiay, row selection means for producing
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row addresses for selecting for a read-out operation from the
character store those character elements in a particular character
element row of the character matrix, data output means for producing
in said read-out operation the character generating data for the
character elements in the selected character element row of the
selected character, and logic control means for sc controlling the
input addressing means and the row selection means as to cause, for
a plurality of characters to be displayed as a row of characters,
the selection in turn of the character elements in a first character
element row of each of said pluralitv of characters, then the
selection in tuwrn of the character elements in a second character
element row thereof, and so.on for their remaining character element
rows, 5o that sald plurality of characters are built-up element
row-by-eclement row, as é wholey; for display, the arrangement further
including detector means for detecting when received character
input data pertains to a descender letter, together with enabling
means responsive to the detector means for enabling said data output
means to produce character generating data for a particular n
successive row addresses as produced by the row selection means and
pertaining to a normal character or to a descender letter, as the
case may be, n being the number of character element rows of the
character format, the row selection means being further controlled
by the logic control means so as in a read-out operation to repeat
at least part of its addressing sequence such that at least those
row addresses pertaining to character element rows which contain

the elements forming the "tails" of descender letters occur twice.
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